Résumé. 2014 Abstract. 2014 A theoretical formulation of ionic fluxes set up in spinel crystals during dislocation climb is given, with the ultimate aim to achieve a realistic description of climbing dislocations (local core charge and local core composition) and climb rates (i.e. strain rates). Quantities such as the effective diffusion coefficient, the climb velocity, the electric charge per unit length of dislocation, and the spinel composition (n in (Al2O3)nMgO) at the core, are derived in terms of the acting stresses, the temperature, the composition n, and the element diffusivities. The most interesting effect is the possible composition deviation 0394n at the core of a climbing dislocation. Under some conditions detailed in the paper, it is suggested that deviations as large as 0.5-1 could be built up in particular for large n values (e.g. n = 3.5) and /or under the high internal stresses acting during usual climb annealings. 
velocity, the electric charge per unit length of dislocation, and the spinel composition (n in (Al2O3)nMgO) at the core, are derived in terms of the acting stresses, the temperature, the composition n, and the element diffusivities. The most interesting effect is the possible composition deviation 0394n at the core of a climbing dislocation. Under some conditions detailed in the paper, it is suggested that deviations as large as 0.5-1 could be built up in particular for large n values (e.g. n = 3.5) and /or under the high internal stresses acting during usual climb annealings. Such deviations could explain in turn non-planar faulted ribbons ( 10-3 ,u , p the shear modulus ; see e.g. [1] ). It follows that dislocation climb is generally rate controlling for the deformation, either because it controls dislocation glide across the deformation cells, occuring probably within the cell walls [2, 3] , or even as a pure climb process [4, 5, 6] [1, 6, 7] . A main factor here is the local spinel composition (n in (A1203)nMgO) at the core, which determines the local number of composition vacancies and thereby, the crystallography of splitting, possibly its width, and the fault energy [7, 8, 9] and ultimately perhaps the mobility of the faulted ribbon out of the fault plane [10] .
We would point out here that in principle the spinel composition at a climbing dislocation should be different from its equilibrium value in the bulk. This effect stems from the differences in ion diffusivities, [14] . When ions i enter some small region of the crystal, they expel from it an equal number of point defects so that the free energy of the region increases by ôG = (y -JlI)i where y is the chemical potential of the i-ion and y,, of its associated defect in the diffusion process ; it follows that the driving force acting on the i ions is :
The first term, Fi = - VJ1i Here V is the electric potential set up in the crystal, q; the charge of the i-ion and Xi, the ratio of i-sites occupied by i-ions. We have made here all the activities equal to unity, neglecting any correlation factor in the diffusion process (independent ionic jumps).
It follows that :
where E is the Nernst electric field.
In order to compute the VXi's, note that X; = n;/d; with d; the number of sites available in unit volume, independent on ni, the local filling of the i-sublattice ; hence VX;/Xi = Vnilni. Now the ni's follow from eq. (1) Thèse equations allow us to express the coupling forces F ; = -V J-li in terms of the fields E and Vn, from eq. (4). Li et al. [13] have shown that it follows from eq. (2) (Fig. 1) , and let 0" Il = 0" be the climb stress applied to it (0" 0 when the extrahalf plane is under a compressive stress as shown in figure 1 ). Detailed inspection shows that the formation R being the distance from dislocation line at which pj = 0 (see Fig. 1 (Fig. 3) than for a slip plane (110) (Fig. 2) , and involves probably a periodic perturbation of the jog configuration along the line. We do not take into account this effect in our simplified approach, since we have assumed dislocations are perfect sinks for vacancies.
3 IONIC FLUXES, COMPOSITION GRADIENTS, AND
NERNST FIELD AT A CLIMBING DISLOCATION. -Eq. (2), (3) and (4) We have .assumed that (DAI/DMg) and (Do/DMg) are negligible as compared to unity, which is certainly valid for spinels, and that 03C9Mg ~ 0.5 coo = 0.5 03A9', which is suggested by figures 2 and 3.
The parameter a is hard to know precisely ; it is a number between 0 and 1 : if it is believed that oxide ions are the slowest species to diffuse, as it has been often stated in some papers [3, 4, 5, 6, [3, 4, 5, 6, 20] or during controlled annealings [20] . Among these, two main situations are found, where climb forces should be high : (i) [20] , as opposed to generally simpler faults found just after deformation and before annealing ; see also in [4, 5] the same trend in dislocation habits before and beyond -3 % strain at which a strong work -softening occurs reducing the dislocation density by a factor 104).
Such behaviours contrast strongly with deformation under softer conditions, i.e. creep tests done at a low strain-rate, low dislocation density and low n (n = 1) [6] . There, dislocations split in early slip, almost always in simple, composition conservative planes [8] . Note that even in this case, the dissociation plane is much more random when n increases, or at dislocation nodes when equilibrium climb has occured.
Finally, a last effect might be expected. The composition deviation An could trigger the microprecipitation of a second phase onto the dislocation core each time the value n + An reaches the threshold for exsolution of (X-AI203' This should take place either because the condition (n, T) falling just above the boundary, in the y-solid solution region of the phase diagram (say a few 10° above), the increment An allows to cross over toward the two phase région ; or because the condition (n, T) being already metastable (below the boundary), the increment An increases the thermodynamic force so much that it starts exsoluting. In these cases, edge dislocation cores would become, simply by the An effect, the nuclei of the phase transformation, resulting mechanically in a strong pinning.
